Objective: To investigate the changes in the aggregation index (AI) and the elongation index (EI), in severe obese subjects (MbObS) undergoing laparoscopic adjustable gastric banding (LAGB). AI and EI are measured by Laser assisted Optical Rotational Red Cell Analyzer (LORCA) and are markers of erythrocyte aggregation and deformability, respectively. Design and subjects: Before, 3 and 6 months after LAGB plus lifestyle changes (Mediterranean diet plus daily moderate exercise), we evaluated AI, EI, body mass index (BMI), total (ToT) cholesterol (Chol), high-density lipoprotein (HDL)-Chol, lowdensity lipoprotein (LDL)-Chol, triglycerides and fasting glucose and insulin levels in 20 MbObS. The Student's t-test was used for comparisons between independent groups and the analysis of variance to assess differences in AI and EI at the 3 time points. Pearson's correlation coefficient was used to assess correlation among continuous variables and multiple linear regression analysis to assess predictive factors for AI and EI changes. Results: BMI and all blood parameters showed a statistically significant decline 3 and 6 months after LAGB as compared with basal, except for EI and HDL-Chol that significantly increased. Stepwise selection of predictors shows that at 3 and 6 months, EI values depended on HDL-Chol values at the same time point. In the EI model, blood glucose was also statistically significant at 6 months. Conclusion: Our data show a significant improvement in EI after LAGB-induced weight loss, which correlates with an improved lipid pattern and support the idea that the rapid weight loss induced by LAGB plus lifestyle changes might reduce the thromboembolic risk and the high mortality risk found in MbObS.
Introduction
Two major red blood cell (RBC) rheological parameters, namely the aggregation index (AI), expressing the degree of erythrocyte aggregation, and the elongation index (EI), expressing erythrocyte deformability, can strongly affect blood-flow resistance and determine a greater blood viscosity. 1 Alterations in these parameters can occur in subjects suffering from obesity, 2, 3 as well as arterial hypertension 4, 5 and diabetes mellitus, 6 known to be comorbid conditions associated with morbid obesity. 7 Adjustable gastric banding is a gastro-restrictive technique achieved by laparoscopic positioning of an adjustable silicone ring around the upper portion of the stomach. After closure of the ring, the stomach takes on the appearance of an asymmetrical egg-timer, with a small upper gastric pouch (calibrated at about 20 ml) and the remaining stomach below the band. This surgical technique is classified among those defined as 'restrictive' because it aims to significantly reduce the stomach volume and thus induce a feeling of early satiety. 8, 9 The aim of our study was to assess alterations of the AI and EI parameters in obese patients who lost weight after the application of adjustable gastric banding and a program of lifestyle changes including Mediterranean diet and daily moderate exercise, and correlate them with some biochemical blood parameters (glucose, insulin, lipid levels).
Material and methods
The study included 20 patients (11 females, 9 males) affected by morbid obesity, who underwent laparoscopic positioning of an adjustable Gastric Band of Obtech type (Swedish adjustable gastric band, Obtech Medical AG, Baar, Switzerland). There was no significant difference in age (mean (s.d.) 44 (12. 3) years in the females and 36 (11.3) years in the males; t ¼ 1.5; P ¼ 0.15).
Median body mass index (BMI) was 45.813 (range 37.42-58.6) and comorbidities included: arterial hypertension (nine patients), diabetes mellitus (seven patients), joint disease (four patients), dislipidemia (eight patients), gallbladder stones (one patient), anxiety-depression (three patients), thyroid disturbances (two patients), heart disease (three patients), respiratory failure (three patients) and vascular disease (five patients). Seven patients were smokers. Anthropometric parameters and comorbidities are shown in Table 1 . All severe obese subjects (MbObS) were regularly interviewed by a dietitian and underwent a program of lifestyle changes (Mediterranean diet plus daily moderate exercise).
Blood samples were taken preoperatively, and 3 and 6 months after the operation, from the cubital vein and tested for glucose, insulin, cholesterol (Chol), high-density lipoprotein (HDL)-Chol, low-density lipoprotein (LDL)-Chol and triglycerides.
AI and EI were measured according to Hardman et al. 4, 10, 11 by Laser assisted Optical Rotational Red Cell Analyzer (LORCA; Mechatronics Instruments BV, Anzwaag, The Netherlands). LORCA is an instrument for hemorheological investigations that is unique in its capacity to measure some hemorheological parameters, that is, deformability of RBCs and their aggregation behaviour. With the help of syllectometry (that is, laser backscatter versus time), the method is able to measure both static and kinetic parameters of the aggregation process, for example, total extent of aggregation, aggregation half time and a combination of both, considered as AI. In the case of RBC clump formation, the syllectogram deviates from that obtained for normal rouleaux formation and this is indicated by a fit error. 10 The AI positively correlates and EI negatively correlates with the tendency of RBC to adhere to each other and form aggregates. EI indicates the ratio between the minor and the major diameter of RBC, evaluated with a laser ray that passes through the blood film present in the instrument cup. The three levels of stress we investigated are the most used according to Hardeman's method; so far they do not express a possible clinical way of analysis but indicate a variation in the RBC membrane plasticity.
Erythrocyte aggregation (AI) was also measured by LORCA, taking into account the AI half-time aggregation (t 1 2 ). These parameters are recorded by sensors that evaluate the backscattered laser rays from the RBC clots the different stresses induce into the cup.
Statistical analysis
Quantitative variables have been summarized as mean and standard deviation. Comparisons between independent groups were performed with Student's t-test. P-values o0.05 were considered statistically significant.
Differences in EI at the three time points (before surgery, 3 months and 6 months after surgery) were assessed by repeated measures of analysis of variance. Sex and age class (o40 vs X40 years) were included in the analysis.
Correlations among continuous variables were assessed by means of the Pearson correlation coefficient. Multiple linear regression analysis was done to assess factors that could predict the EI value at each time point; as potential covariates, we evaluated the following factors: age, sex, weight, BMI, total blood Chol, HDL, LDL, triglycerides, blood glucose and blood insulin level. The model considered predictors together with the dependent variable (EI) for baseline measurements, while at 3 months and 6 months the predictors were those variables determined at each EI measurement. The selection of candidate prediction variables for entry to the multiple linear regression model was made using a stepwise method and the criterion for entering variables in the model was a significance level o0.05. For each regression, the R 2 , value of significant parameters, standard error and P-value are reported. All variables were entered in the models as continuous variables except sex, included as dummy (1 ¼ male, 0 ¼ female).
Results
Mean values (standard deviation) are shown in Table 2 . The BMI value decreased after surgery: from 45.8 (5.97) at There was no statistically significant correlation between AI % and other quantitative variables evaluated in this study. AI t 1 2 at 6 months was significantly correlated with EI30PA at the same time point (r ¼ À0.45, P ¼ 0.047), HDL-Chol at 6 months (r ¼ À0.49, P ¼ 0.026) and glucose at 6 months (r ¼ À0.46, P ¼ 0.039). All the correlation coefficients describe an inverse correlation between AI and HDL-Chol and glucose. As expected, there was an inverse correlation between AI and EI, too, even if this result was not observed at each time point and for each tested pressure.
To evaluate the dependence of EI on other clinical features a multiple regression model was set up, with stepwise selection of predictors (see Table 3 ). The selection method allowed us to identify only those variables significantly affecting the EI values.
EI values measured at 3 Pa at baseline depended on baseline HDL-Chol and baseline glucose. An increase in HDL-Chol and decrease in glucose circulating levels were paralleled by increase in EI.
At 3 and 6 months, EI at 3 Pa depended only on HDL-Chol measured at the same time point: an increased HDL resulted in an increased EI. In the 6 months-EI model, blood glucose was also statistically significant. Rheological changes after gastric banding P Capuano et al
Discussion
The rheological parameters have an important effect on blood viscosity. 12 Increased blood viscosity is responsible for a greater blood-flow resistance, this effect being most marked in the microcirculation, and especially in capillaries measuring 4-8 m in diameter. 5, 13 In various diseases including heart disease 14 and cerebral stroke, 15, 16 an increased blood viscosity has been reported, probably linked to an increase in the number of RBCs and the concentration of some plasma proteins (especially fibrinogen and globulins). These rheological alterations induce an increased erythrocyte aggregation and reduced deformation. The rheological properties of the RBCs have a significant influence on the blood flow and hence on tissue perfusion. 17 In particular, erythrocyte deformation (expressed by the EI parameter) and aggregation (expressed by the AI parameter) can heavily affect blood viscosity and so resistance to blood flow. 18 Various studies have demonstrated alterations of the rheological parameters in obese subjects. 19 Wiewiora et al. showed that the AI is significantly higher in obese subjects and is also positively correlated with ToT-Chol, HDL-Chol and BMI values. A greater tendency toward aggregation of the RBCs in obese subjects is partly because of the effect of the plasma macromolecules and the pro-inflammatory response, which is more evident in obese subjects. 20 Many studies have reported rheological changes in the RBCs after low-calorie diets. Poggi et al. 21 described a reduction of blood viscosity and of the RBC aggregation after 3 months at a very low-calorie diet (500 kcal per diet).
Fanari et al. 22 demonstrated that in obese adolescents one-month diet of 1000 Kcal per diet can induce a reduction in plasma viscosity, plasma fibrinogen concentrations and the main erythrocyte AIs, probably as a result of a marked metabolic rearrangement. Solá et al. 23 reported a reduction of erythrocyte aggregation after weight loss obtained with 6 weeks of a low-calorie diet.
In previous papers, the influence of bariatric surgery on the EI and AI has been little studied. Wiewiora et al. 24 demonstrated that vertical gastroplasty can induce a reduction of the RBC aggregation. However, the same study did not demonstrate any improvement of erythrocyte deformation.
The phenomenon of RBC aggregation consists of a spontaneous tendency of the erythrocytes to aggregate. In conditions of slower blood flow the red cells form aggregates called 'rouleaux', which cause an increased blood viscosity and alterations of the blood flow, especially in the microvascular region. Erythrocyte aggregation is affected by plasma factors and cellular factors including the surface structure of the RBCs and its interaction with the plasma macromolecules. In particular, the latter have an important role in the process of erythrocyte aggregation because their presence results in the formation of bridges connecting the surface of the red cells and so fostering their aggregation. Among the plasma macromolecules, fibrinogen is considered to be one of the most important factors inducing this process. In reality, recent studies have revealed that decreasing the fibrinogen blood concentration reduces erythrocyte aggregation only by 20%. 10 Thus, this phenomenon is affected by other plasma factors. In particular, an increased LDL-Chol concentration can cause a rise in blood viscosity and so aggregation of the erythrocytes. This supports the concept that an increase in LDL-Chol is a risk factor for atherosclerosis. 25 Other Authors have hypothesized that LDL-Chol can modulate blood viscosity by a mechanism similar to the one operated by fibrinogen. 26 In this study we observed a reduction in the AI % and an increase in the AI t 1 2 in obese patients who lost weight after the application of adjustable gastric banding. These variations could be correlated to an improvement in the lipid pattern. In fact, hyperlipidemia is known to be a factor affecting erythrocyte aggregation. 27 Instead, the alterations observed in the erythrocyte deformability indexes are less clear. Craveri et al. 28 did not find significant differences in erythrocyte deformability between obese subjects and healthy controls. Wiewiora et al. 24 did not find a significant improvement in erythrocyte deformability after bariatric surgery, despite the fact that the treatment led to significant weight loss and so a reduced BMI. However in our study subjects not only rapidly lose weight because of gastric restrictive bariatric surgery, but they also followed a program of lifestyle changes including education to a Mediterranean diet and daily moderate exercise. This might explain why in our study a statistically significant difference in erythrocyte deformability was found in obese patients who lost weight after the application of Rheological changes after gastric banding P Capuano et al adjustable gastric banding. In this case, too, the results could be attributable to an improved lipid balance and hence a lesser surface rigidity of the red cells. We can therefore conclude that 6 months after a gastric banding procedure both rapid weight loss and lifestyle changes can significantly improve the rheological parameters of the red cells, making them less likely to aggregate and more flexible. In fact, 6 months after the procedure we found not only a significant improvement of the rheological parameters but also an improved lipid pattern. This could lead to a decreased risk for vascular and heart diseases and so an improvement in the quality of life of obese subjects. Severe obesity is known to be associated with a short-term mortality risk (5-10 years) more than double that in the normal weight population of both sexes. This surgical technique can produce a significant reduction in body weight in the majority of operated patients and this lasting weight loss can bring about an improvement of all conditions associated with obesity, a reduction in the short-term mortality rate and an improvement in the quality of life. In 2007, Busetto compared the total mortality in 821 patients with a BMI440 kg m À2 operated at the same Department, with the mortality in 821 patients matched for age, sex and BMI observed at six specialist Italian centers for the treatment of obesity. A significant reduction, by 60%, in the total mortality was observed in the surgical group as compared with the controls. 29 This study confirms that modern bariatric surgery is able to reduce the high mortality risk present in morbidly obese patients. Blood rheology could be impaired by mechanical and biochemical parameters and this could induce an increase in both thromboembolic risk and cardiovascular risk. 4, 5, 24, 30 The concept that venous thromboembolism and atherosclerosis are not completely distinct entities has recently been considered because patients with venous thromboembolism experienced more cardiovascular events than control subjects. In a recent meta-analysis it was assessed that cardiovascular risk factors are unequivocally associated with venous thromboembolism and this association is clinically relevant with respect to primary and secondary prevention of both conditions. 31 Our data show that the combination of bariatric surgery and a different lifestyle (Mediterranean Diet and moderate physical exercise) could increase the weight loss, reduce blood rheology impairment and decrease some cardiovascular risk factors of MbObS thus decreasing morbidity and mortality and, finally, the total amount of money that the National Health Service will spend for these patients. Rheological changes after gastric banding P Capuano et al
